Background: The etiology of alcohol dependence is a complex interplay of biopsychosocial factors. The genes for alcohol-metabolizing enzymes: Alcohol dehydrogenase (ADH2 and ADH3) and aldehyde dehydrogenase (ALDH2) exhibit functional polymorphisms. Vulnerability of alcohol dependence may also be in part due to heritable personality traits. Aim: To determine whether any association exists between polymorphisms of ADH2, ADH3 and ALDH2 and alcohol dependence syndrome in a group of Asian Indians. In addition, the personality of these patients was assessed to identify traits predisposing to alcoholism. Materials and Methods: In this study, 100 consecutive males with alcohol dependence syndrome attending the psychiatric outpatient department of a tertiary care service hospital and an equal number of matched healthy controls were included with their consent. Blood samples of all the study cases and controls were collected and genotyped for the ADH2, ADH3 and ALDH2 loci. Personality was evaluated using the neuroticism, extraversion, openness (NEO) personality inventory and sensation seeking scale. Results: Allele frequencies of ADH2*2 (0.50), ADH3*1 (0.67) and ALSH2*2 (0.09) were significantly low in the alcohol dependent subjects. Personality traits of NEO personality inventory and sensation seeking were significantly higher when compared to controls. Conclusions: The functional polymorphisms of genes coding for alcohol metabolizing enzymes and personality traits of NEO and sensation seeking may affect the propensity to develop dependence.
genetic epidemiological work. The result from three main types of population-based studies, such as -family, twin, and adoption studies have led researchers to believe that alcoholism has a genetic component. [3] If there is genetic component that is susceptibility to alcoholism, what is its mechanism? The answer can be sought at two levels: Alcohol metabolism and alcohol action on the brain. Twin studies have shown a strong genetic influence on alcohol metabolism and variability in activity of enzymes involved in metabolizing alcohol i.e. alcohol dehydrogenase (ADH) and aldehyde dehydrongenase (ALDH). [4, 5] Alcohol dehydrogenase is determined by three autosomal gene loci (ADH1, ADH2, ADH3). Only ADH2 is active during adult life. In 5-20% individual Europeans and in 90% of Japanese, an atypical variant is discovered. At physiological pH, the atypical enzyme shows much more activity than the more common one. It has been suggested that alcohol oxidation proceeds more rapidly in carriers of the atypical A lcohol has played a central role in almost all human cultures since prehistoric times. The extent of worldwide alcohol use is estimated to be 2 billion. The harmful use of alcohol results in 2.5 million deaths each year. Alcohol is the world's third largest risk factor for disease burden. According to the global burden of disease analysis, alcohol is responsible for 5.5% of the Disability adjusted life years (DALYs) worldwide. [1] Despite much research, surprisingly little is known about the cause of alcoholism. Problem drinking is thought to result from a variety of interacting biopsychological phenomenon. [2] The genetic model of alcohol dependence has received a renewed interest in recent times because of enzyme. Atypical variant of ALDH is also found in the Japanese population with the frequency of 50% while it is rare in Europeans; it is associated with decreased ALDH activity. The presence of these variants of atypical enzymes results in the increase of acetaldehyde levels in the body. The increase in acetaldehyde levels is associated with redness of face and skin, burning sensation and general discomfort, collectively termed as the "flushing phenomenon". The presence of any one or both of these atypical variants in a person may influence alcohol dependence (AD) vulnerability. [6] [7] [8] [9] Personality variables also seem to affect the initiation into alcohol use. Conversely, alcohol use may also affect personality. Prolonged drinking, even if initiated to relieve guilt and anxiety, often produces anxiety and depressive tone to temperament. These varied changes in personality attributes, may in turn, explain the continuation or cessation of alcohol use. [10] Using the five factor model it has been shown that alcohol abuse and dependence is associated with high levels of neuroticism and excitement seeking and low levels of conscientiousness and agreeableness. [11, 12] Researchers have found that the personality characteristics are also heritable. [13] There is paucity of Indian work in this field. The present study attempts to address this complex and intriguing issue and is an effort to study the genotype profiles of enzymes involved in alcohol metabolism (ADH, ALDH) and personality traits, which affect vulnerability to alcohol dependence syndrome.
MATERIALS AND METHODS

Sample
A total of 100 consecutive male inpatients of tertiary care service hospital fulfilling the ICD-10 (DCR) [14] diagnostic criteria for alcohol dependence syndrome were taken for study. Cases of co-morbid psychiatric disorders and polydrug abuse were excluded.
Controls
An equal number of controls matched for age, sex and ethnicity and not suffering from alcohol dependence syndrome or physical/psychiatric illness were drawn from attendants of patients.
Informed consent of all cases and controls was taken. Ethical clearance for the study was obtained from institutional ethical committee.
Tools
Sociodemographic proforma
A proforma was prepared to elicit a detailed history including family history of alcoholism in first-degree relatives, sociodemographic variables, clinical and mental state examination and subjective response to alcohol.
The revised NEO personality inventory (NEO-PI-R)
The NEO-PI-R [15] consists of 240 items answered on a five-point Likert format ranging from 'strongly disagree' to 'strongly agree'. The NEO-PI-R assesses personality on five domains of neuroticism, extraversion, openness to experience, agreeableness and conscientiousness. The internal consistency information of the NEO presented in the manual was derived from the full job performance sample (n = 1539). The internal consistency of the NEO-PI-R was high at: N = 0.92, E = 0.89, O = 0.87, A = 0.86, C = 0.90. [16] The test-retest reliability reported in the manual of the NEO PI-R over 6 years was: N = 0.83, E = 0.82, O = 0.83, A = 0.63, C = 0.79. Costa and McCrae point out that this not only shows good reliability of the domains, but are also stable over a long period of time (past the age of 30), as the scores measured six years apart vary only marginally more than the scores as measured a few months apart. [15] Exploratory factor analysis that have used varimax rotation of principal components in younger and older, white and nonwhite, and male and female subsamples have shown very similar five-factor structures that have supported the theoretical model. [17] The NEO-PI-R has been translated into several languages and used in more than 50 cultures. [18] A large literature demonstrates cross-observer agreement and prediction of external criteria such as psychological well-being, health risk behaviors, educational and occupational achievements, coping mechanisms, and longevity. [15, 19] 
CAGE questionnaire
The CAGE is a four-item screening questionnaire designed to identify and assess potential alcohol abuse and dependence. Each letter reflects the core concept of each of the items. The CAGE is extremely short and easily administered taking less than a minute to complete. The items from the CAGE have good internal reliability with all four items correlating with each other indicating that the CAGE is measuring a single homogenous construct. The CAGE performed well at detecting current at-risk drinking (defined as 8 or more standard drinks a day) with a sensitivity of 84%, specificity of 95% and positive predictive value of 45% using a cutoff point of 2 or more affirmative responses. [20] 
Indian adaptation of sensation seeking scale
The original sensation seeking scale (SSS), form V [21] is well standardized and is widely used. It is a 40-item, forced choice inventory where each represents a tendency towards sensation seeking propensity and has two statements (marked A and B) indicating higher (scored as one) or lower (scored as zero) sensation seeking. Based on the responses, a total score is constructed that may range from 0 through 40.
Greater the score, higher is the sensation seeking. Along with this total sensation seeking score, the SSS also yields scores for its four sub scales. Each subscale has 10 items in it. These subscales are as follows: Thrill and Adventure Seeking, Experience Seeking, Boredom susceptibility, and Disinhibition. As per the Indian adaptation modifications of the original scale, took either of the two forms: In some questions the language was made more comprehensible, translating colloquial American English into simple English while with items that were alien to the Indian socio-cultural background, the original items were replaced with new items tapping the same dimension but whose content reflected the prevailing socio-cultural mores. The scale was standardized on an Indian population. For the present study, the Indian adaptation of the SSS which has adequate test-retest reliability, internal consistency and discriminant validity was used. [22] Genotyping (ADH2, ADH3 and ALDH2 genes)
DNA extraction
Blood of 2 ml from venous was drawn from each patient and controls. DNA extraction was done by the CTAB DTAB protocol.
Amplification of ADH2/ADH3 genes
Portions of exons 3 and 9 of the ADH2 gene and of exon 8 of the ADH3 gene were amplified by a minor modification of the PCR methods described by Yiling et al., [23] which allowed amplifications of all three exons in a single reaction, ADH alleles were distinguished by using allele-specific oligonucleotides as probes to hybridise amplified DNA fixed to nitrocellulose.
Amplification of ALDH2 gene
Exon 12 of the ALDH2 gene was amplified by using polymerase chain reaction (PCR). [24] Allele specific oligonucleotide probes also distinguished ALDH alleles.
PCR protocol
Thirty cycles of denaturation at 93°C, annealing at 50°C and extension at 72°C were carried out in a Biorad cycler. The reaction was carried out using a kit from Bangalore Genie using conditions specified by the manufacturer. The amplified products were dot blotted on a nitrocellulose membrane.
Procedure
After the patients were detoxified and stabilised mentally and physically, the CAGE, SSS and NEO-PI-R were individually administered to each of the cases and controls. All patients underwent routine investigations including LFT, and ultrasonography (USG) abdomen. Blood sample was also sent for genotyping. The scoring was done using the scoring key given with the test kits. Raw scores were converted to test scores and analysed as per the test manual.
Statistical analysis
The data was analysed using non-parametric statistics. Chi square test was used for comparison frequency data like socio-demographic details, genotype frequency and allelic frequency. Mann-Whitney U test was used for comparison of ordinal data like total and subscale scores on the SSS and domain scores of the NEO-PI-R.
RESULTS
The demographic characteristics of alcoholics and controls are shown in Table 1 . They did not differ significantly on age, years of service, educational level, marital status, and religion. However, alcoholics had a significantly higher family history of alcoholism and significantly higher percentage of punishments (N = 46) as compared to controls (N = 13). Majority of cases (63%) had history of drinking for ten years or more and, on admission, 67% of the patients had withdrawal features with 26% having complicated withdrawal in the form of seizures and delirium tremens. Results of investigations in cases of alcohol dependence revealed that 77% had evidence of physical problems due to alcohol in the form of hepatomegaly and more than half of the cases (56%) had elevated serum transaminases. Fatty changes in liver on USG abdomen were seen in 18% of cases. On administration of the CAGE questionnaire, twenty-six patients scored 1 and seventy-four scored 2 or more. The score of all controls was 0. The sensitivity and specificity of the CAGE was 76% and 100%, respectively.
As shown in Table 2 , cases of alcohol dependence had significantly lower allele frequencies of both ADH2*2 and ADH3*1 when compared with controls. The genotype frequencies of ADH2*1/*1, ADH2*1/*2, and ADH2*/*2 in cases were (0.22, 0.21 and 0.22, respectively). Among alcoholics homozygous for ADH3*1 the genotype frequency was 0.38 as compared to controls (0.60). The allele frequencies of ALDH2*2 were significantly lower in cases (0.09) as compared to controls (0.25). The genotype frequencies of those homozygous for ALDH2*1 in cases and controls were 0.51 and 0.33, respectively and those homozygous for ALDH2*2 were 0.00 and 0.10. On the SSS the mean (SD) of total sensation seeking scores (TSS) for cases were 19.68 (4.75) as compared to 13.11 (2.92) in controls [ Table 3 ].
Analysis of NEO-PI-R scores revealed that the mean scores of Neuroticism, Extraversion, and Openness were significantly higher in cases as compared to controls. The mean scores of Agreeableness and Conscientiousness were significantly lower in cases as compared to controls [ Table 4 ]. Table 5 depicts the percentage scores of cases and controls in the different domains. Further analysis of the data was done by taking the domain scores of Neuroticism, Extraversion and openness together. Table 6 shows that a significant number of cases (N = 28) had high to very high values on the cluster of Neuroticism, Extraversion, and openness. Similar analysis was done by taking the domain scores of Agreeableness and Conscientious together. Table 6 depicts that a significant number of cases (N = 31) had low values on domain of Agreeableness and conscientiousness.
DISCUSSION
In the present study, majority of alcoholics were less than 40 years of age (N = 63). More than 15 years of service was noted amongst 59% of alcoholics. Alcoholics were noted to have more punishments (N = 46) as compared to controls (N = 13). This has been observed by earlier studies. [25] The punishments may also be indicators of an underlying alcohol problem in a soldier. A substantial proportion of cases (N = 37) were found to have positive family history. Similar findings have been reported in earlier Indian studies [25] and the study findings imply heritability of alcohol dependence, as we know from recent research. Majority of Notes: a) S2 -Significant differences of (P<0.002), b) S5 -Significant differences of (P<0.005), ADH -Alcohol dehydrogenase, ALDH -Aldehyde dehydrongenase the alcoholics gave a history of drinking regularly for 10 years or more (N = 63) before coming to medical/psychiatric attention, which is in agreement with earlier studies. [25] [26] [27] More than two-thirds (67%) of cases were noted to be in alcohol withdrawal at the time of admission. A significant proportion of cases (26%) had complicated withdrawal in the form of seizures and delirium tremens. These figures were somewhat higher than seen in few previous studies. [25, 26] Various investigations showed the alcoholics having physical problems due to alcohol in the form of hepatomegaly (77%), fatty liver (18%) and elevated serum enzymes (56%), which is similar to findings of earlier studies. [25] [26] [27] The CAGE is a very brief, relatively non-confrontational questionnaire for detection of alcoholism. CAGE test scores of >2 has a sensitivity of 73% and specificity of 100% for the identification of problem drinkers. [20] Thus the CAGE is of limited utility as a screening test for alcohol dependence in the security forces. This finding is in agreement with an earlier study on Indian security forces. [28] Asians have been found to have a predominance of ADH2*2 and ADH3*1 alleles [29] and about 90% of Orientals are typical for the ADH2 locus, either heterozygous (ADH2*1/*2) or homozygous (ADH2*2/*2) and their live ADH activity is usually higher. [30, 25] The present study is the first report of a significant difference in ADH2 and ADH3 genotypes between alcoholics and nonalcoholics of Asian Indians. Until now, the deficiency of mitochondrial ALDH2 was the only defined genetic factor known to affect the risk of developing alcoholism. [31, 32] Alcoholics have significantly lower frequencies from the same population. [33, 34] This difference is dependent of the ALDH2 genotype as demonstrated by comparison of the groups homozygous for the ALDH2*1 allele. This indicated that the ADH2 and ADH3 alleles the propensity for alcoholism. ADH2 and ADH3 are closely linked on chromosome 4. Among the alcoholics, homozygous for ADH2*2, the ADH3*1 allele frequently is not significantly different than that among total population for non-alcoholics.
It is well documented that allele frequencies of ALDH2*2 are significantly decreased in alcoholics as compared with the Asian general population. [35] This study also demonstrates a difference in ALDH2 genotype between alcoholics and nonalcoholics among the Asian Indians. The findings are consistent with reports of a lower frequently of the ALDH2*2 allele in Japanese alcoholics, as compared with nonalcoholics. [36] The protective effect of ALDH2*2 appears to be substantially greater than that of ADH2*2 and ADH3*1 alleles. [24] Moreover, genetic factors may be of importance in determining inter individual susceptibility of alcoholic liver disease [37, 38] that have observed the contribution of ADH subtypes to the overall genetic susceptibility for alcohol related problems in Caucasians, which may be very small. Eighty-two Caucasians receiving treatment for alcohol related problems were DNA typed for variants in the ADH2, ADH3 and ALDH2 gene loci. No association was found between individual or combined gene frequencies and the presence of alcohol related problems. [39] A study of the polymorphisms of alcohol metabolizing enzymes in a random female population sample (n = 756) from Novosibirsk, Siberia revealed that the ALDH2 gene was not polymorphic in this population. The frequencies of ADH2*2 and ADH3*2 alleles were 0.197 and 0.52 respectively, which is higher as compared to other Caucasoid populations (0.01-0.13 and 0.4 respectively). Reports of an association of the ADH2*2 allele with reduced ethanol consumption in Jewish men [40] and Australian men of European origin [41] support the concept that effect of ADH2 polymorphism on alcohol drinking behaviour is widespread. The distribution of ADH3 alleles is also homogous among European populations, with global frequencies of 55.3% for ADH3*1 and 441% for ADH3*3 in agreement with a previous report. [23] The fact that the allele frequencies are practically identical between alcoholic and nonalcoholic individuals suggests that the influence of ADH3 polymorphisms on predisposition to alcohol abuse is small in Europeans. The European population shows that linkage dysequilibrium between ADH2 and ADH3 are associated; therefore, the probability that both alleles are simultaneously found in an individual is higher than in the case of random allele aggregation. [42] Evidence for this allele linkage has also been found in Asian populations. [43] The significantly lower frequency of ADH2*2, ADH3*1, and ADH2*2 alleles among alcoholic Asian Indian men can produce higher levels of acetaldehyde, through faster production or slower removal, and the even transient elevation of acetaldehyde may trigger aversive reactions. These aversive reactions may make people with these alleles less likely to become alcoholics. [9] In the present study, it was found that total sensation seeking score, as a whole, was significantly higher in alcoholics (mean = 19.68, S.D: 4.75) as compared to controls (13.11 S.D: 2.92), which is in agreement with the previous studies that reported an association of sensation seeking with alcoholism. [44] [45] [46] The subscale scores of the SSS were also higher in alcoholics, which is in agreement with earlier studies. [47] This indicated that the personality patterns of being outgoing, risk-taking behaviour, certain preference for variety, need for stimulation, impulsivity and lack of inhibition was significantly higher alcohol dependent subjects as compared to normal controls.
Alcoholics as a group, showed significantly higher scores on the domains of Neuroticism (N), Extraversion (E), and openness (O) and significantly lower scores on Agreeableness (A) and Conscientiousness (C) as compared to controls. Among the alcoholics, a group of individuals emerged to have high to very high scores on all three domains of N, E, O as compared to controls and the difference was highly significant at P level < 0.001. A similar group amongst the alcoholics also had low to very low scores simultaneously on the domain of A and C as compared with controls and the difference was statistically significant at P level < 0.001. Amongst cases, 11 alcoholics were found to have both higher values in N, E, O domain and low values in A and C domains. Similar findings have been noted earlier. [12, 48] In terms of Five Factor theory of personality, the high scores of alcoholics in domain 'N' (Neuroticism) indicate that they have a tendency to experience negative emotions such as anxiety and depression. They were more impulsive and emotionally reactive as compared to nonalcoholics. This is supported by earlier studies. [12, 28, 49] Extraversion is characterized by being outgoing, talkative, high on positive effect, and in need of external stimulation. According to Eysenck's arousal theory of extraversion, there is an optimal level of cortical arousal, and performance deteriorates as one becomes more or less aroused than this optimal level. Extraverts, according to Eysenck's theory, are chronically under-aroused and bored and are therefore in need of external stimulation to bring them up to an optimal level of performance. Hence, they used addictive substance as a form of stimulation. [50] The dimension of extraversion is associated with sociability, activity, assertiveness, search of stimulation, risk-taking behaviour and impulsivity. [15] Impulsivity is characterized by a lack of behavioral constraint, a lack of caution, and possibly even failure to conform to conventional moral expectations. Alcohol use and abuse are strongly discouraged by conventional cultural standards risky activities because of their illicit nature. Individuals who are low on constraint might be at increased risk of alcoholism because they are less likely to accept and be less fearful of the consequences failing to follow cultural norms governing alcohol use. [50, 51] High scores of Alcoholics on domain 'E' (Extraversion), in the present study, is supported by earlier studies. [28, [52] [53] [54] However, contradictory results have been reported by some previous researches [55, 56] and a recent meta-analysis. [12] On the other hand, a recent Indian study and another study from Japan supported our findings. [51, 57] Extraversion was also reported to be a significant positive predictor of urge to drink. [58] Alcoholics obtained significantly high scores on domain 'O' (Openness to experience). They are curious about both inner and outer worlds and have an experientially richer life. Due to this the alcoholic has initially chosen a radical action such as consumption of drugs, either for recreational use or as a means to handle an experienced problem. This is supported by earlier studies. [48, 59] Conscientiousness measures the level of control, organization, and determination. Conscientiousness is a tendency to show self-discipline, act dutifully, and aim for achievement. Low scores on conscientiousness imply that they are more easily distracted and are less focused on their goals, more hedonistic and generally more lax with respect to goals. The low scores of alcoholics on consciousness, in the present study, is supported by earlier studies. [12, 49, 51] Agreeableness scale reflects a tendency to compassionate and cooperation. They are good-natured, cooperative, and trustful. Agreeableness is associated with positive interpersonal qualities such as altruism and positive attitudes towards others. These are traits not commonly associated with alcoholics. Hence, a low score of alcoholics on agreeableness in the present study is on expected lines. This finding is supported by earlier studies. [12, 49] 
LIMITATIONS
All cases of alcohol dependence were males as the study was conducted in service personnel. Since this is not a prospective study, it is difficult to discern whether the observed differences in the personality traits are the causes or due to the results of alcohol dependence.
CONCLUSIONS
Allele frequencies of ADH2*2, ADH3*1 and ALDH2*2 were significantly low in a population of alcohol dependent Asian Indians. This finding may affect the propensity to alcoholism. Personality traits of neuroticism, extraversion, openness, and sensation seeking were significantly higher when compared to controls both on mean scores and on proportions. This indicates an association between these traits (both individually and in a cluster) and alcohol dependence with possible etiological significance. These findings may have a bearing on the etiology of alcohol dependence and intervention strategies at various stages of its evolution like initiation, continuation, and dependence.
